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Abstract 
With the rapid economic development of our country, the speed of city construction is accelerated and more proposed 
development with super high and super large space construction has appeared, hence the relevant fire problems are still a 
challenge. It’s acknowledged that performance-based design provides more reasonable and innovative design strategies for fire 
engineers. The CFD simulations are always executed to validate the feasibility of performance - based design. Current fire safety
engineering design and fire engineering researches are focused on the fire generating and smoke migrating in the building. 
Seldom consideration is given on how the natural wind of outside the building affects the smoke migration pattern. However, it 
will be unrealistic that ignore the natural wind factor in smoke control design. Especially, it will be unacceptable in the natural 
wind smoke control design which utilizes the natural wind to exhaust smoke out of the building. As well as more investigations 
will be required in the mechanical smoke control design. The paper integrates the PHOENICS which is the general purpose CFD 
software with the statistic data about the natural wind from the specific area/city to analyze how the natural wind can impact on 
the fire and smoke generated in the atrium of a large space building, so as to provide some references for the future smoke 
control designs. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The strategies of the current smoke control design are categorized as: prescriptive – code design and performance 
– based design. While the design of smoke control systems based on performance – based strategy is about the 
calculation of the smoke production rate based on NFPA92B and BRE, and then zone models and CFD simulations 
are always employed to validate the feasibility of the performance – based design. Sometimes, the simulations 
indicate that smoke production rate is much lower than both the calculation from the handbooks and from the 
prescriptive code. However, seldom consideration is given on how the natural wind from outside affects the smoke 
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migration pattern in the building. The buoyancy of smoke plume is supposed to be the driving force in most fire 
safety designs; meanwhile the natural wind is only regarded to be the supplementary force from the supply air. 
China is a perennial monsoon climate, and the average natural wind velocity is approximately 3m/s in most regions 
of China during the whole year.. Hence, it is less reasonable to design the smoke control system based on the current 
methodology under the natural wind dominated condition. 
The natural wind design is preferred to be undertaken in the current building designs. Compared to the HVAC 
system and smoke exhaust system, the natural wind can provide more comfortable level environment and achieve 
the target of green and sustainable development. However, when the natural wind system is designed, it should be 
evaluated whether the natural wind affects the effectiveness of the existing or proposed smoke control design. It is 
common knowledge that the “Stack effect” and “Wind-induced action force” will affect the effectiveness of the 
smoke control systems in fire safety engineering industry. There are several natural ventilation design guides and 
standards which present the recommended methods or concepts for the industry, such as “CIBSE Natural ventilation 
in non-domestic buildings Application manual AM10:1997”, “BS5925: Code of practice for ventilation principles 
and designing for natural ventilation”, and “BSRIA Technical note TN8/98: Refurbishment of air-conditioned 
building for natural ventilation”. But all the handbooks and guidelines just provide the fundamental calculations or 
concepts and can’t be adopted to solve more complicated scenarios.  
Some researches of natural wind which are regarding to reverse stack effect and the sprinkler cooling effect have 
shown: Reverse stack effect (or stack effect) is not significant when the temperature difference between indoor and 
outdoor is lower, except in staircase with tall and narrow configurations; Regarding to sprinkler cooling effect, some 
reference demonstrated the great reduction of the smoke buoyancy when the sprinkler is activated through the 
experiments and theoretical analysis,  while some references propose the criteria to judge whether the smoke layer is 
stable or not under the sprinkler activation condition. 
It is summarized that the main factors which will affect the smoke migration in SFPE Handbook of Fire 
Protection Engineering are: Stack effect, buoyancy, expansion, wind and HVAC.  But few researches are focused on 
the wind effect. Hence, this paper depicts how the natural wind affects the smoke movement so as to decrease the 
effectiveness of the smoke control system through the different wind speed and directions, and finally some 
reference to the future smoke control designs is provided. 
2. Natural Wind 
This section states how the natural wind affects the smoke movement under different wind directions and wind 
speeds conditions. 
2.1. Wind direction perpendicular to supply air doorway 
When the external wind speed is low enough, in case of fire, the wind speed at the entrance of the building is 
mainly caused by the entrainment of smoke. If the natural wind speed can reach a certain level, the wind speed at the 
entrance of the building will depend on the greater one between the natural wind speed and the smoke entrainment 
speed. The outside wind field around the fire building can be assessed by integrating the natural wind speed data 
obtained from the official meteorological statistics, with the impact of the surrounding buildings around the fire 
building determined by CFD simulations. The entrainment effect of smoke depends on the smoke production rate, 
and the entrained force can be determined by the fire dynamics calculations. Here the hypothesis is given to  the 
scenario When the outside natural wind speed is greater than the maximum speed caused by the entrainment of 
smoke, the effectiveness of the smoke exhaust system will be threatened. 
The following fire simulations demonstrate that the unacceptable condition occurs when the natural wind speed 
hit the certain value. 
 Figure 1             (a) wind speed is 1m/s                            (b) wind speed is 2m/s                                   (3) wind speed is 3m/s         
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2.2. Wind direction parallel to supply air doorway 
The turbulence eddy is generated by the natural wind, and the smoke is confined to the fire origin (see Figure 2.a) 
in such natural wind condition.  When the wind speed is greater than some value, the effectiveness of the smoke 
control system is affected (see Figure 2.b). The relevant CFD simulation results are summarized as follows. 
a                                                                                                   b 
Fig 2 The effects of the different wind speed on the development of smoke under the same heat release rate 
(a. wind speed is 1m/s. b. wind speed is 3m/s) 
It can be concluded that the smoke was eddied and drift from the center of the fire under the random wind 
direction according to the results of the simulations. (Note: the random wind herein is attributed to the horizontal 
part is directed to the doorway of the building) 
2.3. Strategy 
• In the perpendicular wind direction to the doorway scenario, the approach of increasing the inlet height of the 
makeup air is employed to introduce more fresh air into the atrium so as to decrease the smoke density for the 
sake of life safety. However, this method may cause the higher heat release rate. This paper assumes the heat 
release rate up to 8MW (equivalent to the maximum heat release rate of a car) to compensate the side effects. 
• In the parallel wind direction to the doorway scenario, the approach of extending the length of inner wall to 
decrease the wind speed and flow rate at the doorway in order to avoid the further expansion of the eddy. 
Corresponding computer simulation results are as follows (here outside wind speed is 3m/s). 
The CFD simulations of above are shown as follows: 
a                                                                                                          b 
Extend the inner wall 
Fig 3 Solutions to the different wind direction 
( a. Strategy for wind perpendicular to doorway. b. Strategy for wind parallel to doorway) 
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3. Example 
3.1. Wind speed statistics data of Shenyang City 
The wind speed statistics data of Shenyang city is summarized as the following table[3].
Table 1: The statistics data of Shenyang Wind speed
Month Average Speed(/s˅ Maximum Speed(m/s) Average Days˄≥Lv.8˅
January 2.5 14.0 2.2 
February 2.7 18.7 4.3 
March 3.2 18.7 6.4 
April 3.8 18.3 9.9 
May 3.6 20.0 9.0 
June 2.9 23.0 3.5 
July 2.5 16.0 1.5 
August 2.4 13.7 1.1 
September 2.4 15.3 1.3 
October 2.8 15.7 3.0 
November 3.0 16.0 4.0 
December 2.6 16.0 2.4 
3.2. PHOENICS CFD simulation model 
The site of the sample is described as: there is more space at the east of the proposed building; and the northern 
follows, and the rest two directions are more intensive, there are more buildings located at the southern and west 
side of the building. 
The assumption conditions in the CFD simulations are:  
• Wind speed is 3m/s and follow the logarithmic law with the reference height is 15m; 
• Under isothermal condition of 200C;
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 a                                                                                    b 
Fig 4: PHOENICS CFD simulation model and relevant site plan 
(a.PHOENICS CFD Model. b. Site plan) 
3.3. Assessment 
• Qualitative analysis: Refer to the site plan more space exists at the east side of the building, once the doorway 
faces to east, the natural wind speed at the doorway will be the greatest. Hence one solution is avoiding the 
building doorway faces to the side, or increasing the doorway height, depicted as Figure 3 (a) to achieve the 
acceptable condition; because a building is close to the proposed building at the south side, once the doorway 
faces to south, the wind speed will be much lower. However, from Green Mark engineering perspective, it’s 
expected more fresh air is introduced into the atrium. Hence facing south may be not the best solution. 
considering that the street is at the west side of the proposed building, hence, it should be more meaningful to 
take the doorway facing to west side as the CFD input condition.  
A                                                                                              b 
Fig5: (a) West wind                                                 (b) North wind      
• Quantitative analysis: Further to the analysis above, the CFD simulation results are depicted as Figure 5(a) and 
5(b). In accordance with the results, it demonstrates that the external wind field of north wind is much lower than 
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west wind, as well as the wind speed at the doorway under the west wind scenario is over 3m/s. Hence, the 
unacceptable condition will occur. 
• Summary: Best option is to set the orientation of doorway to the northern; if the orientation of the doorway is 
proposed to face the west and east side, it’s recommended that increase the doorway height. 
4. Conclusion 
The paper analyzes how the natural wind affects the smoke migration of the atrium under the different wind 
directions and speed utilizing the small-scale CFD simulation first. Also provide the feasible strategies to solve the 
problem; then take a certain region as the example to illustrate how to integrate the statistics data with CFD 
simulation to solve the project. Also utilize the combination of the qualitative and quantitative analysis to determine 
the orientation of atrium doorway to avoid the excessive speed and flow rate of natural wind affecting the 
effectiveness of the smoke control system. However, more investigation should be needed to study the critical wind 
speed  at the doorway. 
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